The purpose of this study was to assess trends in CD4 cell counts among patients with AIDS living in Tianjin, China. All patients with AIDS who were registered in Tianjin from 2005 to 2016 were recruited to this study. Information on demographic characteristics and clinical features was recorded. Mean CD4 cell counts and the frequency of CD4 cell counts <200 were assessed by age, transmission route, and education level. Men accounted for 93.6% of cases (2867 cases), and women accounted for 6.4% (195 cases). The median CD4 cell counts significantly increased for each age group over the 12-yearstudy period overall; in particular, median counts increased by 67.4% in patients aged <25 years. Similar trends were found in patients infected through homosexual transmission and those with an education level of ≥13 years. Compared to that in 2005-2010, the prevalence of low CD4 levels (<200) was significantly decreased in 2016, especially for patients aged 25-29 years, those infected through homosexual transmission, and those with ≥13 years of education.
INTRODUCTION
The global incidence of human immunodeficiency virus (HIV) reached its peak in 1997. The annual incidence has stayed relatively constant since 2005, following a period of rapid decline (by 4.8% per year) between 1997 and 2005 [1] . However, the age-standardized prevalence of HIV/AIDS increased by 4% (ranging from 3% to 5%) annually during 2005 to 2015, andmortality increased by 8% (ranging from 7% to 9%) in China [1] . Acquired immune deficiency syndrome (AIDS) has recently become the leading cause of death in China, and the number of AIDS-related deaths is significantly higher than that due to any other infectious disease [2] .
The cluster of differentiation 4-positive T-cell (CD4) count is a strong predictor of progression to AIDS and is used to monitor the efficacy of antiretroviral therapy (ART). CD4 counts are inversely associated with the replication of HIV. Low CD4 counts have been shown to predict a greater risk of death and the development www.impactjournals.com/oncotarget of opportunistic infections [3] [4] [5] [6] [7] . Over the past decade, the widespread use of ART has played an important role in people living with HIV/AIDS by suppressing viral replication and preventing decreases in CD4 levels [8] [9] [10] [11] .
In 2015, two large randomized trials confirmed the benefit of starting ART at any time, without respect to the CD4 cell count. Thus, the World Health Organization (WHO) issued updated guidelines and recommended ART for all HIV-infected adults, regardless of CD4 counts [12] [13] [14] [15] [16] . The new guidelines resulted in a higher frequency of individuals starting ART with higher CD4 counts, in addition to lower adherence rates [17, 18] . Moreover, trends in CD4 cell counts according to age, education level, and transmission route are unclear.
Therefore, the aim of this study was to assess trends in CD4 cell counts according to age, education level, and transmission route from 2005 to 2016 in Tianjin, China.
RESULTS

Patient characteristics
A total of 3063 AIDS patients were registered in the Tianjin Second People's Hospital from January 2005 to December 2016. Ultimately, 3062 cases were evaluated in this study, after excluding 1 case with vertical transmission.
Most of the patients in this study were men (accounting for 93.6% of the sample). Men were more likely than women to be younger, to have higher education, and to have been infected through homosexual transmission. Moreover, the median CD4 cell counts were higher in male patients than in female patients, but there was no difference in the frequency of severe suppression (Table 1) . Table 2 shows that medianCD4 cell counts significantly increased for each age group over the 12-yearstudy period overall, especially in patients aged <30 years. Median CD4 cell counts increased by 67.4% for patients aged <25 years and by 45.9% for patients aged <30 years. The rates of increase in median cell counts were 29.3% for people aged 30-34 years,27.1% for those aged 35-39 years, 4.2% for those aged 40-44 years, 33.8% for those aged 45-49 years, and 10.9% for those aged ≥50 years, respectively. Simultaneously, the rates of severe suppression decreased remarkably for all age groups, with decreases of 81.9%, 44.3%, 54.4%, 47.4%, 23.6%, 26.9%, and 13.7% for the age groups above, respectively.
Trends in CD4 cell counts by age
Trends in CD4 cell counts by transmission route
MedianCD4 cell counts increased significantly among patients infected through sexual transmission over the 12-yearstudy period overall. Median CD4 cell counts increased by 52.9% for patients infected by homosexual transmission and by 38.0% for those infected by heterosexual transmission(P < 0.001). Simultaneously, the rates of severe suppression decreased remarkably in the homosexual and heterosexual transmission groups, by 60.5% and 33.3%, respectively (Table 3) . Table 4 shows that CD4 counts on admission increased significantly over time for all education groups (P < 0.001), with increases of 59%, 65.6%, 43.2%, and 67.3% for those with <6 years, 7-9 years, 10-12 years, and ≥13 years of education, respectively. The frequency of patients with CD4 counts <200 was reduced among the 7-9 years, 10-12 years education, and ≥13 years of education groups (all P < 0.001). Compared to the frequency observed before 2011, the frequency of low CD4 counts (<200) decreased by 47.9% overall, by 54.9% for those with 7-9 years of education, by 32.3% for those with 10-12 years of education, and by 56.0% for those with ≥13 years of education. There were no significant differences among patients with an education level of ≤6 years.
Trends in CD4 cell counts by education level
DISCUSSION
This is the first study to report trends in CD4 cell counts among AIDS patients in Tianjin, China. The findings in this study indicate that average CD4 cell counts increased generally over time for all age groups, education groups, and sexual transmission groups. The greatest increase was observed in patients aged 25-29 years, those infected through homosexual transmission, and those with ≥13 years of education. The frequency of CD4 cell counts <200 significantly decreased over time, particularly among those aged 25-29 years (by 54.4%), those infected through homosexual transmission (by 67.3%), and those with ≥13 years of education (by 56.0%).
CD4 cell counts are strong predictors of progression to AIDS, as well as a means of monitoring ART. Low CD4 cell counts are associated with a greater risk of patients developing opportunistic infections, which may then progress to advanced diseases and death [4, 5] .
A recent report from China demonstrated that among 388,496 newly identified HIV cases, the median baseline The WHO issued updated guidelines in 2015 recommending that ART should be started in all HIV-www.impactjournals.com/oncotarget infected adults regardless of CD4 count or WHO stage; these guidelines were based on the results of two large randomized trials that demonstrated the clinical benefit of starting ART at any CD4 cell count [12] [13] [14] [15] [16] . Accordingly, the mean CD4 counts among patients starting ART increased following the release of these updated guidelines. Many studies have demonstrated that the effectiveness of ART may be associated with factors related to treatment adherence, habits, infections unrelated to HIV, cancer, the use of immunosuppressive drugs, as well as socio-economic and psychosocial factors and access to healthcare [4, 5, 11] . Younger age, lower education, and lower income were all shown to be associated with worse therapeutic and immune responses due to the low frequency of adherence and poor access to healthcare services [20] [21] [22] . However, previous studies have also demonstrated that decreased adherence was associated with higher baseline CD4 counts [23] [24] [25] [26] [27] [28] [29] .
CD4-positive T cells orchestrate host immunity by identifying different cell lineages or subsets that recruit and activate other immune cells [30, 31] . In HIV infection, however, CD4-positive T cells are also the predominant target of the virus. A hallmark for untreated HIV disease is the progressive depletion of CD4-positive T cells, leading to impairment of cellular immunity and enhanced susceptibility to opportunistic infections, which defines AIDS [32] [33] [34] . Immunological suppression and disturbances caused by HIV infection contribute to the decline in CD4 cell counts and predict both morbidity and mortality from AIDS [35, 36] . Moreover, a majority of studies have shown evidence for an increased risk for progression to AIDS or death among those with low CD4 cell counts [37] [38] [39] [40] [41] [42] [43] .
However, there has been no consensus on the definition of an adequate CD4 response until now. Some researchers defined an adequate response as achieving an increase in CD4 count after 6 months on ART, reaching a threshold of 200 cells/μL. An absolute CD4 count at 6 months of <200 cells/μL was reported to be the strongest predictor of progression to newly developed AIDS and death [37] .
In Korea, patients with low CD4 cell counts (≤200 cells/μL) at diagnosis (31-51%) and those being treated with initiation of HAART accounted for the majority of patients (30-65%) over the study's3-year time interval, and the proportion increased until 2010-2012 [44] . In northwest Spain from 2004-2013, 53.1% of newly infected HIV patients had low CD4 cell counts (<350 cells/μL) [45] . In the United Kingdom, 49% of newly infected HIV patients in 2011 were diagnosed withCD4 cell counts <350 cells/mL 3 [43] . Furthermore, about 72% of patients in China were diagnosed withCD4 cell counts ≤200 cells/mL during2009-2010 [46] .
In the present study, we found an upward trend in average CD4 cell counts and a downward trend in the frequency of severe suppression over the 12-year study period in Tianjin, China. The greatest changes were observed for those aged 25-29 years, those infected through homosexual transmission, and those with ≥13 years of education. The upward trend in CD4 cell counts suggests that increasingly more individuals began ART therapy with higher CD4 cell counts, which may result in fewer deaths in the future in Tianjin, China. Simultaneously, the lower adherence rate to ART among patients with higher CD4 cell counts may contribute to advancing disease progression.
Moreover, the frequency of CD4 cell counts <200 decreased significantly over time, particularly among those aged 25-29 years, those infected through homosexual transmission, and those with ≥13 years of education. These findings indicate that more mild AIDS cases were diagnosed earlier, especially among those with high education levels in Tianjin. These findings suggest that complications could be reduced, life expectancy could be increased, and quality of life could be significantly improved among AIDS patients. These benefits are the result of improved health education and AIDS knowledge. However, it is vital to increase capital investment for providing the free ART. At the same time, new policies should be made that address the management of AIDS in patients with high CD4 cell counts and poor treatment adherence.
There were several limitations in the present study. First, data were obtained from a single center and therefore may not represent the general Chinese population. However, Tianjin is in a developed area in China, and trends in the epidemiology of AIDS in this area may represent trends in other economically developed areas in China. Second, information on marital status and spouses were not assessed in this study due to privacy concerns. Finally, the surveillance of individuals living with HIV/AIDS early in the study period may have been under-rated. However, Tianjin Second People's Hospital was the only qualified sentinel hospital in Tianjin, China during the study period. All data analyzed in this study were obtained from an official registry and are considered reliable. However, a few patients diagnosed with AIDS were not included in this study as they did not receive ART for traditional and personal reasons. The study indicated that average CD4 cell counts increased over time for all age groups, education groups, and sexual transmission route groups. The greatest increase was observed in those aged 25-29 years, those infected through homosexual transmission, and those with ≥13 years of education. Simultaneously, the frequency of CD4 cell counts <200 decreased significantly over time, particularly among those aged 25-29 years, those infected through homosexual transmission, and those with ≥13 years of education. These findings suggest that the burden of AIDS may increase in Tianjin in the future. It is crucial to address the management of AIDS patients with high CD4 cell countsin order to ensure that therapy is effective. At the same time, education of high-risk populations should begin in high school.
MATERIALS AND METHODS
Selection of study subjects
All consecutive newly diagnosed AIDS patients who were treated with ART in the Department of Infection, Tianjin Second People's Hospital from January 2005 to December 2016 were recruited to this study. This hospital is the only hospital designated to treat AIDS patients in Tianjin, China.
The study design and protocol were approved by the ethics committee of Tianjin Second People's Hospital, and a written informed consent was obtained from each participant.
Data collection
Information on demographic characteristics (including sex, age, and education level) and disease characteristics (including time of AIDS diagnosis, time of ART initiation, and infection route)were collected. Information related to treatment with ART was also recorded during the study period. Moreover, CD4 cell counts and viral load on admission and at follow-up visits were measured.
Categorization of age, education level, transmission route, and study period
Age was categorized into eight groups: <20 years, 20-24 years, 25-29 years, 30-34 years, 35-39 years, 40-44 years, 45-49 years, and ≥50 years. Education was categorized into four groups according to the number of years of education: <6 years, 7-9 years, 10-12 years, and ≥13 years. Transmission route was categorized into five groups according to patient self-reporting; categories included transfusion/blood donation, intravenous drug use(IDU), homosexual transmission, heterosexual transmission, and unknown. The study period began 
CD4 cell counts
CD4 cell counts were categorized into four groups for analysis according to CD4 cell counts at baseline. The CD4 normal group was defined as CD4 cell count ≥500, mild suppression was defined as CD4 cell count 350-499, moderate suppression was defined as CD4 cell count 200-349, and severe suppression was defined as CD4 cell count <200.
Statistical analysis
Trends in CD4 cell counts were assessed among all patients with AIDS according to two variables: mean CD4 cell count at baseline and frequency of severe suppression. Age is presented as means with standard deviations, and was compared between men and women using the Student T-test. The normality of continuous variables was determined using the one-sample Kolmogorov-Smirnov test. Continuous variables with normal distributions (e.g., age) are presented as means with standard deviations and were compared between men and women using an independent samples t-test. Non-normal variables (e.g., CD4 cell count) are presented as medians (interquartile ranges), and differences between groups were compared by the Mann-Whitney U test for two groups and by the Kruskal-Wallis test for >2 groups. Categorical variables are presented as numbers of cases (rates) and were compared between groups using the chi-squared test for trends. All statistical analyses were performed using SPSS version 19.0 (SPSS Inc., Chicago, IL), and a two-tailed P value < 0.05 indicated statistical significance.
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